The reflex sympathetic dystrophy syndrome (RSDS) consists of a triad of pain, edema and sympathetic dysfunction of an extremity following trauma, peripheral nerve injury or central nervous system disorder. Reflex sympathetic dystrophy syndrome is a difficult and costly pain syndrome to treat. One of the difficulties in evaluating treatment efficacy is the objectification and quantification of patient findings. The purpose of this investigation was to develop a simple, reproducible and systematic evaluation of pain and neurologic impairment in RSDS. The protocol evaluation included the following measures of pain and impairment: (1) Seventeen subjects with definite or probable RSDS were evaluated. The mean age of patients was 35.6 years + 8.0 years (F 2 S.E.M.), and the mean duration of symptoms was 11.8 + 4.8 months. There were an equal number of subjects with upper and lower extremity involvement. The VAS had significant correlations with limb volume, AROM-lower extremity and joint pain indices (P -C 0.0005). The MPQ subscales had robust correlation with the joint pain indices alone (P < 0.0001). Skin temperature was not predictive of changes in joint pain score, AROM, limb volume or subjective pain measures. However, there was internal consistency between volumetric and AROM measures and joint pain indices. This protocol is recommended for use in therapeutic trials for the treatment of the RSDS.
Introduction
The reflex sympathetic dystrophy syndrome (RSDS) consists of a triad of pain, edema and vasomotor instability of an extremity following peripheral limb trauma or central nervous system disorder [12-141. In this study, we were interested in patients who met Kozin's criteria for definite or probable RSDS [12-141. This included distal limb pain, and either diffuse swelling or vasomotor instability of the extremity. The RSDS is an extremely difficult and costly syndrome to treat. One of the difficulties in previous reports of treatment efficacy is the lack of uniform quantification of treatment outcome, as defined by change in pain measurement or improvement in function. The non-uniformity of outcome measurement, as well as the lack of consistent diagnostic criteria in previous studies [1, 2, 4, 5, 7, [11] [12] [13] [14] 17, 18, 20, 22] , makes it difficult to draw inferences from previous therapeutic trials in RSDS patients. We have developed a simple, quick and reproducible method for systematic evaluation of pain and imp~rment in the RSDS. The purpose of this study was to investigate the utility of this protocol and how various objective and subjective measurements of pain and function varied with the course of treatment in this patient group. 
Methods

Subjects
Seventeen patient-subjects were chosen for participation and measurement in this study. Inclusion criteria consisted of the following: (A) age over 11 years; (B) duration of pain syndrome > 1 month; (C) no evidence of involvement of a contralateral extremity, as defined by a negative clinical exam and a negative 3-phase bone scan; (D) were taken on the dorsum of the foot between the first and second metatarsal joints and between the fourth and fifth metatarsal joints. These temperatures were averaged and subtracted from the mean temperature obtained in similar fashion from the unaffected ~ontralateral extremity. A temperature difference of f 0.5" C was considered abnormal. C4) Active range of motion ~A~~M~ of he a)-fected distal extremity. In the upper extremity this was generated by the average distance from the digital pads (II-V) to the distal palmar crease. For the lower extremity this consisted of goniometric measurement of ankle dorsiflexion, plantar flexion. eversion and inversion. The degree of impairment of active range of motion of the lower extremity CAROM-LE) was given by the difference between the expected degrees of normal ankle range minus the actual measurement of the active range of motion of the ankle in the planes of eversion, inversion, plantar and dorsiflexion.
Prior to the actual physical assessment, the following subjective pain inventories were administered to each patient:
(A) The McGill Pain Questionnaire (MPQ). The MPQ [15] generates information concerning affective, sensory and evaluative aspects of pain. Two types of measurement were obtained from the MPQ: the pain rating index (PRI) was based upon the rank values of words selected from a 28item inventory to describe the sensory (PRI-S), affective (PRI-A), evaluative (PRI-E), and total (PRI-T) aspects of pain. In addition the number of words chosen (NWC) from the same 20 category word list was recorded. The MPQ has been reported by many authors to be a valid and reliable instrument for pain assessment [8, 9, 16, 19, 211 . In this study the patient was allowed to fill out the MPQ while an investigator was available to answer questions concerning directions for administration. No information was given by the investigator with regard to definition of various pain items.
(B) The Visual Analog Scale (IO] . This was a 100 mm line printed on a simple 8.5" x 11" sheet of paper. One extreme of the line indicates no pain, the other extreme indicates severe pain. The patient was asked to place an x where he/she would rank his/her present pain intensity. The VAS has been demonstrated to be a reliable and reproducible evaluation of pain intensity for chronic pain patients [lo] .
This entire protocol was repeated at bi-weekly intervals for an 8 week period of treatment for each patient.
Data analysis
Comparisons of parametric variables including pain duration and pain measurement between upper and lower extremity patient groups were performed using a Student's t test. All confidence intervals are given as f2 standard errors of the mean (2 S.E.M.). Simple and multiple linear regression analyses were used to evaluate the relationship between objective and subjective pain measures observed during various intervals over the course of treatment. All data analyses were performed utilizing the Michigan Interactive Data Analysis System [6] .
Results
Seventeen subjects with definite or probable RSDS [12-141 were evaluated. The mean age was 35.6 _t 8.0 years (_t 2 S.E.M.). Five patients (29.4%) were male. Nine patients (52.9%) had upper extremity involvement, with the remaining patients having solely lower extremity involvement. Preceding trauma could be implicated as an etiologic factor in 14 patients (X2.4%), with a latency of weeks to months between the predisposing factor and the development of symptoms consistent with RSDS. Two patients had a history of severe central nervous system damage (stroke, meningitis) and 1 patient had no att~butable factor preceding the development of symptoms. The mean duration of time between the onset of symptoms and evaluation in clinic was 11.8 + 4.8 months.
Fifteen patients underwent electrodiagnostic studies (EDX) performed by a physiatrist or neurologist in the Electrodiagnostic Laboratory of The University of Michigan Hospitals. Twelve EDX studies were normal. The remaining 3 abnormal studies consisted of mononeuropathy [2j and polyradiculopathy [l] . All patients underwent a 3-phase bone scan. Nine patients had abnormally increased uptake in the delayed images consistent with RSDS [12-141. The remaining patients had normal blood flow, blood pool and uptake. All patients had evidence of articular tenderness in the hand and wrist, or foot and ankle. In the hand, the metacarpal joint was most commonly affected. In the foot, the most commonly involved joints were the metatarsals. Nine patients had abnormally increased limb volume. Twelve patients had abnormally decreased skin temperature ( > 0.5 o C difference between extremities). Eleven patients had evidence of trophic skin changes and 4 patients had evidence of abnormal sweating.
All patients were treated with a therapeutic exercise program for an 8 week period (biw or tiw). Most patients also received oral corti-costeroids or regional sympathetic blockade as adjunctive therapy. The purpose of this study was to develop a useful clinical instrument for measurement of outcome in the RSDS. Consequently, data are not reported stratified by treatment method.
The baseline pain rating index (PRI) from the McGill Pain Questionnaire (MPQ) was 23.1 + 6.5. The number of words chosen (NWC) from the MPQ at baseline was 9.6 _t 1.9. The baseline visual analog scale (VAS) rating was 55.1 _t 13.0.
Squared correlation coefficients from linear regression analyses of pain and function measures before and during treatment are given in Table I . The VAS had significant correlations with limb volume, active range of motion and joint pain (Fig. 1) . The PRI-T and NWC correlated only with active range of motion of lower extremities and joint pain indices. There was also a very strong correlation with active range of motion of upper or lower extremities and limb volume. There was no correlation whatsoever between changes in skin temperature and either objective or subjective measures of pain and function in this patient group.
The squared correlation coefficients for linear regression analyses of pain scales and subscales before and during treatment are reported in Table  II . There was a robust correlation between the PRI subscales, PRI-T and NWC of the MPQ (Fig.   TABLE II   SQUARED  CORRELATION  COEFFICIENTS  FOR LIN-EAR REGRESSION  OF PAIN SCALES AND SUBSCALES  IN REFLEX SYMPATHETIC DYSTROPHY SYNDROME NWC = number of words chosen; VAS = visual analog scale; PRI-T = pain ranking index, total; PRI-A = pain ranking index, affective; PRI-E = pain ranking index, evaluative; PRI-S = pain ranking index. sensory. 2). There was a somewhat less robust correlation between PRI-T, affective pain rate index (PRI-A), sensory pain rating index (PRI-S) and the VAS. There was no correlation between the PRI-A subscale and the VAS. The following case illustrates how this method can be used to chart patient progress during treatment. F.R. was a &year-old ant-h~ded white male who presented to the Emergency Room of the University of Michigan Hospital in April, 1986. There was a history of mild discomfort in the right hand and wrist since October, 1985. At that time he had suffered trivial injuries in football practice to the right shoulder without fracture or dislocation. The patient described swelling and discoloration of the extremity off and on over subsequent months. Approximately 3 weeks prior to presentation, he developed severe swelling and pain in the right hand and increased numbness distal to the mid-forearm in a glove-like distribution. Electrodiagnostic studies were negative. He also underwent non-invasive flow studies and venography which were negative for venous t~ombotic disease of the right upper extremity. The patient was then given the diagnosis of definite reflex sympathetic dystrophy of the right upper extremity. At the initial presentation, the right hand was increased 22% beyond the volume of the left hand. There was no skin temperature difference. Active range of motion was profoundly impaired, with an average measurement of 4.9 cm. The objective joint pain score was 16. The Melzack Pain Questionn~re demonstrated 7 words chosen with a pain rating index (PRI) of 12. The visual analog scale score was 48. The patient was not taking any medications at the time of presentation. Following initial clinical assessment, the patient was placed on a 2 week course of oral prednisone, 1 mg/kg. This was followed by a 2 week taper of oral corticosteroid. In addition, the patient began an aggressive physical and occupational therapy program twice a week. lustrates the patient's progress, monitored by serial 2 week evaluations. By week 8 the patient had nearly no edema of the right hand and no evidence of objective or subjective pain in the right hand. At assessment 19 weeks after the beginning of treatment, the patient had developed some edema of the right hand with a 1.25 o C skin temperature difference, with the right hand cooler than the left. The patient continued to deny any objective or subjective evidence of pain. However, it was felt on this basis that the patient continued to have abnormal sympathetic flow to the right upper extremity and was cautioned against participating in contact sports or other activities which might be likely to traumatize his right arm and reproduce the syndrome.
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Discussion
Reproducible and reliable outcome measurements are critical to efficacy studies of treatment outcome in the RSDS. Wang et al. [22] conducted an open trial of central sympathetic blockade for the treatment of the RSDS. The comparison group consisted of a historical patient cohort which had received only physical therapy. Their outcome measure was a 5-point rating of subjective pain relief. Measurement of limb edema, joint pain, vasomotor instability or function was never documented either before or after treatment. These measures would have done much to support the validity of their findings.
Similar difficulties in design of outcome measurement can be found in other studies [4, 11, 17, 20] .
Bonelli et al.
[I] quantified vasomotor changes, range of motion (not specified if this was active or passive), visual analog pain scale and presence of hyperpathia in their trial comparing the efficacy of regional versus central sympathetic blockade for the treatment of the RSDS. However, these outcomes were reported as either 'improvement' or 'no change. ' has not seen great clinical application, because of the multiple measurement required (all interphalangeal joints on both hands). In addition, ring size measurement is more difficult to reproduce in the foot, due to the smaller circumference of the digits. Grip strength is a poor measure of functional outcome in a patient sample with traumatic peripheral mononeuropathies and central nervous system disorders, common precipitants of the RSDS [4, 20] .
The purpose of this investigation was to develop a protocol of objective and subjective measures of pain and function to evaluate outcome in the reflex sympathetic dystrophy syndrome (RSDS).
The objective measurements of limb volume, skin temperature, and active range of motion were reproducible within +50/c on replicate observations on the same patient on the same day. The time required to perform the evaluation was approximately 45 min. The criteria for inclusion in this study were strictly enforced. Only patients with definite or probable RSDS were included to ensure a homogenous patient &ample. Patients were excluded if they had bilateral RSDS, as the contralateral extremity was used as a control for evaluating differences in skin temperature and limb volume.
Consequently, this protocol would not be applicable for patients with bilateral findings consistent with RSDS. Patients with surgical sympathectomy or chemical sympathectomy were excluded, since these patients would have had abnormal skin temperature which would be unlikely to change with successful treatment.
Several interesting findings can be interpreted from Table I, describing the relationship  between  objective  and subjective  measures  of pain and  function during treatment for the RSDS. There was no correlation between skin temperature and any of the objective or subjective parameters of pain and function.
Since most patients demonstrated a clear improvement in their pain syndrome during the treatment program, the continuing abnormality in skin surface temperature was suggestive of a quiescent, subclinical picture of ongoing abnormal sympathetic activity. This may explain why many patients continue to complain of recurring problems with chronic pain in RSDS. There was a strong positive correlation between active range of motion of the lower extremities and joint pain, but no such correlation was found for active range of motion of the upper extremities (Table I) . Nearly all patients achieved normal active range of motion of the hand at the completion of treatment.
This was apparently accomplished in spite of the continuing pain of which patients complained.
The number of words chosen (NWC) and the total pain rating index (PRI-T) correlated only with active range of motion of lower extremities and joint pain indices (Table I) . Multiple linear regression analyses indicated that the majority of variance for these 2 subjective pain indices (NWC, PRI-T) could be explained solely on the basis of change in the joint pain index (Table I) . However, the visual analog scale (VAS) demonstrated robust and statistically significant positive correlations with all objective measures of pain and function, with the exception of skin temperature (Table I) . Although the VAS is generally considered limited by its unidimensional character in pain studies, it would appear to be a potentially valuable instrument, superior to the MPQ for brief clinical assessment of patient progress during treatment for the RSDS.
Use of the MPQ provided quantification of sensory, affective and evaluative components of pain in this patient group during treatment.
Values of the MPQ subscales generated by this sample equaled or exceeded those reported by patients with other pain syndromes, including menses, arthritis, cancer, phantom pain, toothache and spinal cord dysesthetic pain [3, 8, 9, 15, 16, 21] . Intercorrelation of the 3 MPQ subscales (Table II) suggests that most of the variance in the total pain rating index (PRI-T) was the result of the number of words chosen (NWC) and the sensory pain rating index (PRI-S). There was a robust correlation between PRI-T, PRI-S, evaluative pain rating index (PRI-E) and the visual analog scale (VAS) ( Table II) . There was no correlation between PRI-A and the VAS, which is consistent with the unidimensional characteristics of pain description generated by the VAS [lo] .
This investigation describes a simple, reproducible and internally consistent protocol for systematic measurement of pain function in the RSDS. A uniform system of outcome measurement will aid in allowing comparison of various clinical trials for the treatment of this painful and disabling condition.
